SUMMARY Studies of cerebral blood flow and distal intravascular pressure changes were studied in 11 patients at the time of common carotid artery ligation for the treatment of intracranial aneurysm. No neurological deterioration was observed while these patients were under observation. Cerebral blood flow in the ipsilateral hemisphere recovered rapidly while reduction in pressure, and in particular diminution of pulse pressure, persisted affording protection to the aneurysm.
Ligation of the common carotid artery is a widely used method for the treatment of intracranial aneurysms particularly of the internal carotid artery. It is important to assess the risk of neurological sequelae that follow the occlusion. Precautions are taken to confirm cross-filling at angiography, and trial occlusion by Matas's test and at operation have not reduced the general incidence of neurological complications below 10%. Jennett, Harper, and Gillespie (1966) demonstrated the usefulness of measuring cerebral blood flow in the ipsilateral hemisphere and suggested that the likelihood of developing neurological sequelae is increased if cerebral blood flow is reduced by more than 25 % of the resting level. Pressure measurements in the distal vessels by Bakay and Sweet (1953) and Odom, Woodhall, Tindall, and Jackson (1962) demonstrated the benefits of the ligation with regard to the aneurysm itself. Monitoring the intravascular pressure is another safeguard during the initial period after ligation.
We are reporting here a series of 11 patients in which both these factors were studied simultaneously with a view to establishing their relationship to the neurological status. ' Present address: Department of Therapeutics, Royal Free Hospital. 'Present address: Department of Anaesthetics, Cardiff Royal Infirmary.
PATIENTS
In this investigation 11 patients between the ages of 20 and 63 were studied at the time of elective surgery for treatment of aneurysms on the internal carotid artery. One was on the intracavernous part, six at the origin of the posterior communicating artery, and four at the bifurcation of the internal carotid artery. There were seven females. All had suffered from proven subarachnoid haemorrhages and had been investigated by bilateral carotid arteriography with, in some cases, vertebral arteriography. Good cross-filling had been demonstrated at angiography in all cases. In patients who had multiple aneurysms, the neurological signs and focal features in the angiograms suggested that it was the internal carotid artery aneurysm that had bled. The earliest attempt at ligation was on the fifth day, the latest on the 31st day after the last subarachnoid haemorrhage. No neurological disturbance was caused in any patient during the 30 minute trial period, when a temporary Crile's clamp was on the common carotid artery, and it was possible in all cases to convert temporary occlusion into definitive ligation. Only one patient showed any subsequent neurological sequel and that was a mild contralateral hemiparesis, which began 48 hours afterwards, and had completely cleared after a few days. All the patients were well with no neurological deficit attributable to the ligation when they were seen at routine follow-up appointments at The effect on the systemic and internal carotid artery blood pressures of short periods of occlusion, from 10 to 20 seconds, of the external carotid artery was studied both before and after occlusion of the common carotid artery.
RESULTS
The systolic pressure in the internal carotid artery fell immediately to a mean level of 49% of the control, but had recovered at the end of 30 minutes to 620% of the control level, most of this recovery occurring early during this period. The figure (Fig. 1 The effect on cerebral blood flow showed a more rapid recovery than that for blood pressure, and the cerebral bloodflowgrey(CBFG)fell from 65 ml./lOOg /min to 51 ml./100 g/min shortly after clamping and by the end of the 30 minute period had almost completely recovered to the resting level. The cerebral blood flow white (CBFW) showed an early fall from 22 ml./100 g/min to 16 ml./100 g/min immediately after clamping, and this too had completely recovered at the end of 30 minutes (Fig. 2) . The effect of clamping the external carotid artery on the pressure in the internal carotid artery after occlusion of the common carotid artery gives some indication of the direction of blood flow. Sweet and Bennett (1948) established that the flow was not necessarily always down the external carotid artery and forwards in the internal carotid artery as had previously been suggested by Dorrance (1934) . Hardesty, Roberts, Toole, and Royster (1961) and Tindall, Odom, Dillon, Cupp, Mahaley, and Greenfield (1963) , using electromagnetic flowmeters, have demonstrated the flow changes that were predicted by the pressure gradients observed. The direction of flow can give some indication of the relative effectiveness of the internal or external collateral circulation. This manoeuvre was carried out in all our patients during the control period and immediately after temporary occlusion and at the end of the 30 minute period of trial clamping. There was retrograde flow in the internal carotid artery as judged by the pressure changes and confirmed by flow measurements in only one patient. This had not reversed by the end of the 30 minute period of trial clamping. Hardesty et al. (1961) had found the retrograde flow in the internal carotid artery in seven of 15 patients studied. These were investigated at the time of treatment for malignancy of the head and neck and did not have intracranial aneurysms. Further studies of Youmans et al. (1967) have shown that this effect is relatively short lived and all six of the patients they studied, who had reversal of the flow immediately after clamping, had reverted to forward flow in the internal carotid artery within 14 hours; three of them did so within 30 minutes, two within three hours, and the other by 14 hours.
Most of the studies performed on blood flow changes at the time of carotid ligation have been done on the vessels of the neck. This does not necessarily reflect the state of affairs in the ipsilateral hemisphere. Our findings of a moderate, short-lived reduction of cerebral blood flow in the ipsilateral hemisphere demonstrate that the adjustments of perfusion occur more rapidly than the adjustments of pressure. At the end of the trial period of clamping of 30 minutes the cerebral blood flow had returned to normal, while the beneficial effects of greatly reduced pulse pressure and moderately reduced hydrostatic pressure remained.
During this study we did not encounter any patient who developed neurological deterioration in the operative period and consequently we were not able to find a level at which we could say that it would be unwise to proceed with permanent ligation. None of them had a fall of cerebral blood flow as great as 250%, which Jennett et a!. (1966) have suggested leads to development of hemiparesis, and we therefore see no cause to modify this figure. The timing of the ligation is an important factor in avoiding the risk of causing neurological complications and it is worth noting that none of these patients was operated on less than five days from the time of their subarachnoid haemorrhage.
